There is evidence that CMV is commonly present in breast milk and is often transmitted to babies. CMV infection acquired postnatally can cause serious disease in very premature babies. Interventions to remove CMV from breast milk are possible but may damage other important constituents. 
C
ongenital cytomegalovirus (CMV) infection from primary maternal CMV infection (and less commonly maternal reactivation) is a well recognised cause of perinatal morbidity and mortality. 1 In contrast, the postnatal transmission of CMV from mother to baby by non-transplacental routes, such as breast milk, has been less well studied. Postnatal primary CMV infection is not usually associated with significant disease in term babies. This is because in most cases the source of infection is maternal and therefore the baby is protected by passively acquired CMV antibodies. In contrast, very premature babies do not have this protection, as transfer of antibodies occurs principally after 28 weeks. Very premature babies may therefore be susceptible to postnatal infection by CMV from maternal secretions, including breast milk or perinatal transmission from cervical secretions.
Anecdotal evidence suggests that serious illness in some very premature babies is associated with postnatal acquisition of CMV. This possibility has also been suggested in case reports, 2 and a small case series. 3 4 More recently, studies from Germany have shown that CMV in breast milk is transmitted to premature babies and may be associated with disease. 5 6 This review will address (a) the evidence for the presence of CMV in breast milk and its transmission to infants, (b) the evidence that postnatally acquired CMV causes disease in premature babies, and (c) the methods available to produce CMV-free breast milk.
PRESENCE AND TRANSMISSION OF CMV IN BREAST MILK Presence of CMV in breast milk
The presence of CMV in breast milk was first suggested in the early 1970s when babies who were not congenitally infected were noted to be acquiring CMV late in the first month of life. Historically, perinatal acquisition was attributed to transmission through cervical secretions. However, the absence of CMV in maternal cervical swabs in many cases suggested another source. In 1972, Hayes et al 7 isolated CMV from the breast milk in 27% of CMV seropositive women. A similar proportion was found by Reynolds et al, 8 who also found a large increase in the number of infants excreting CMV over the first four months, incriminating infection at or soon after birth and therefore suggesting a maternal source.
CMV has been detected in breast milk in 13-50% of lactating women. 5 6 9 10 This wide range is partly due to the different sensitivities of detection methods, as the proportion was greater when more sensitive methods such as polymerase chain reaction (PCR) were used. 5 6 11 12 As would be expected, no CMV seronegative mothers have been found to excrete the virus. When CMV seropositive mothers have been tested specifically, between 32% and 96% have been found to excrete CMV in their breast milk. 5 6 9 10 13 The highest figure was recently reported by Hamprecht et al, 6 who used PCR to detect CMV in both milk whey and cells. This group has previously shown that testing unfractionated milk is less reliable. 12 The mechanism of CMV reactivation and excretion in the breast milk of lactating women is unknown.
The timing of CMV excretion in breast milk has been studied in some detail. CMV has been isolated from breast milk from one day to nine months after delivery. 11 14 The peak period of excretion was shown in one study to be at three to four weeks. 5 The latest more detailed study by Hamprecht et al 6 showed that CMV DNA appears in the whey within three weeks of delivery in the great majority of CMV positive mothers. DNA was detectable in milk cells slightly later. This study also highlighted the lower sensitivity of viral culture, as virus was not isolated from either milk whey or cells until many days after it was detected by PCR. 6 Is CMV transmitted in breast milk? Babies breast fed by mothers excreting CMV in their milk are commonly asymptomatically infected. 5 6 9 10 15 16 In contrast, no formula fed babies are infected in this way. 5 9 In the recent study by Hamprecht et al, 6 33 of 87 (38%) premature babies breast fed by mothers excreting CMV became infected. CMV was cultured from the babies' urine at a mean of 47 days after delivery.
Is breast milk the only source of transmission? At least one study has documented CMV infection in babies whose mothers were apparently not group.bmj.com on June 18, 2017 -Published by http://fn.bmj.com/ Downloaded from excreting CMV in their breast milk. 9 Attempts have been made to exclude other possible sources of transmission of CMV. Congenital infection is excluded by the absence of CMV excretion from the baby in the first five to 21 days. 5 6 10 Excretion from other maternal sites (for example urine, cervical secretions) is excluded by negative maternal samples, or by negative ear swabs from the baby at birth as a surrogate for cervical swabs. 5 6 Horizontal transmission by blood is excluded by the use of CMV-free or filtered blood products. 6 17 Horizontal transmission from other people-medical and nursing staff, and visitors such as siblings-is difficult to exclude. Horizontal transmission from maternal saliva is virtually impossible to exclude.
Until recently there has only been circumstantial evidence against transmission from non-breast milk sources. One study, for example, showed that number of siblings (as a marker of potential exposure) was unrelated to CMV infection. 9 In another study, infants who were breast fed for longer were more likely to become infected. 10 Other studies have shown that virus genotype, as defined by restriction enzyme mapping, was the same in mother-baby pairs. 6 15 However, there is now more direct evidence favouring the concept that CMV is transmitted from breast milk rather than cervical secretions. In the study of Hamprecht et al, 6 the great majority of the babies were born by caesarean section and therefore probably not exposed to cervical secretions. The absence of CMV exposure was confirmed by surface swabs taken immediately after birth. Furthermore, mothers of babies who became infected were much more likely to have virus detectable in their milk by culture (as opposed to PCR only) than those who did not become infected. This suggests that transmission of CMV to the baby was more likely to occur when the viral load in the milk was higher. Moreover, both CMV DNA and virus were detectable significantly earlier in the milk of mothers who transmitted the virus than those who did not.
DISEASE CAUSED BY POSTNATAL CMV ACQUISITION IN PREMATURE BABIES CMV disease in term babies
Although CMV has been shown to be present in breast milk and transmissible to babies, there is less information about the clinical significance of postnatal primary CMV infection. Anecdotal evidence and case reports suggest that primary CMV infection can cause pneumonitis, even in term infants. 3 10 18 Stagno et al 3 investigated all babies admitted aged between 2 and 12 weeks with pneumonitis and found that 20% had evidence of CMV infection. However, it is believed that severe disease as a result of CMV acquired postnatally from the mother is uncommon in term babies because they are protected by passively acquired maternal antibodies. 19 20 Other factors in breast milk, including IgA and anti-viral lipids, may also be protective. In a recent study, vitamin A, monolaurin, and lactoferrin inhibited the growth of CMV in human milk in vitro. 21 Interestingly, prostaglandin enhanced the growth of CMV at least fourfold.
CMV disease from breast milk in premature babies
In contrast with babies born at term, very premature babies have an immature immune system and are born before the transfer of the majority of protective immunoglobulins, which occurs after 28 weeks. This may make them more susceptible to CMV disease following primary infection. 19 In addition, Yeager et al 22 found that, even in babies who acquired maternal antibody to CMV, the antibody level fell more rapidly in sick premature babies than would be expected in term infants. In the breast milk studies detailed above, 15-17% of the babies became unwell at the onset of viral shedding with sepsis-like illnesses, respiratory illnesses, thrombocytopenia, and neutropenia. All of these babies were premature and under 1500 g. 5 6 10 A higher rate of disease was found by Yeager et al 22 : 33% of babies (six out of 18) under 1500 g who acquired CMV postnatally developed hepatomegaly, respiratory symptoms, thrombocytopenia, neutropenia, and/or relative lymphocytosis at the time of first CMV excretion. Of the very premature babies (under 26 weeks gestation) in one study, 5 80% had severe sepsis-like symptoms coinciding with infection with CMV. Another study found that 14 of 16 premature babies with postnatal CMV infection developed disease around 4-6 weeks of age consisting of hepatomegaly, sepsis, respiratory deterioration, and atypical and/or absolute lymphocytosis. 4 Three deaths were directly attributed to this infection.
In the study by Hamprecht et al, 6 of the 33 babies who were infected with CMV, 16 (48%) had symptoms and four of these (25%) had sepsis-like illnesses consisting of apnoea, bradycardia, and pallor in the absence of bacterial infection. Two of these babies required reintubation and ventilation. In a more detailed assessment of the infants who developed clinical disease from CMV infection, this research group described neutropenia in 88%, thrombocytopenia in 25%, and evidence of liver involvement in 31%. These features coincided with the detection of CMV DNA in blood by PCR. 23 Putting this in perspective, of the total of 176 babies under 1500 g in this study, 19% became infected with CMV from breast milk, 9% had an illness that may have been related to CMV, and 2% were severely unwell. Preliminary data from another study have shown lower rates of transmission and clinical disease attributable to CMV. 24 However, in this study infants of greater gestational age were included and the total number of babies studied was smaller.
Long term sequelae from postnatal CMV infection
It has previously been suggested that, in contrast with congenital infection, perinatally or postnatally acquired CMV infection does not cause any long term problems. 25 26 However, this view has been challenged by two studies that have assessed outcomes in premature or sick babies with early acquired CMV (in whom congenital infection was excluded). 22 27 In contrast with congenital CMW, perinatal infection was not found to cause sensorineural hearing loss. 22 However, early onset of CMV excretion was a significant risk factor for severe or moderate neurological impairment at 3 years of age. 27 
CMV-FREE BREAST MILK
Removal of CMV from breast milk If CMV transmission from breast milk is clinically important, then preventing transmission by the production of CMV-free milk is critical. Several methods of killing the virus in milk have been studied, including freezing, pasteurisation, and rapid heating. [28] [29] [30] [31] [32] [33] A fundamental issue is whether other beneficial constituents of breast milk, such as immunological and nutritional factors, are adversely affected by the process used to kill CMV. For example, pasteurisation (heating at 62.5°C for 30 minutes) is highly effective at removing viable CMV, but will also damage lymphocytes and immunoglobulins in the milk. [28] [29] [30] [31] [32] In contrast, refrigerating and freezing milk are less harmful to the protective constituents in milk, but are much less effective in removing CMV. [29] [30] [31] [32] Our own unpublished investigations have shown that, in some CMV positive breast milk samples, the virus can still be recovered using sensitive culture techniques after up to 10 days of freezing in a domestic (−20°C) freezer. Despite this, a recent uncontrolled small study suggested that freezing breast milk may be associated with a lower rate of CMV transmission and infection in premature babies. 34 Treatment for short periods at higher temperature-for example, 72°C for five seconds-looks promising for eliminating CMV without having the deleterious effects of pasteurisation, but needs more study. 33 To avoid these problems, an alternative approach is to use milk donated by CMV seronegative mothers. In addition to concerns about other potential infections, however, donated milk is usually mature (with lower protein, nitrogen, and mineral content than milk from mothers of premature babies) and may therefore not meet the specific needs of premature babies. 35 More innovative methods for CMV removal from or inactivation in maternal milk are therefore needed. There is currently no evidence for the use of prophylactic antiviral agents in either mothers or babies.
SUMMARY
Evidence from a number of studies shows that CMV is commonly present in breast milk and transmitted to babies. There is increasing evidence that CMV infection acquired postnatally causes serious disease in very premature babies, although the numbers reported to date have been small. Further detailed research is required into the transmission of CMV and consequent long term sequelae. Interventions to remove CMV from the breast milk of CMV seropositive women with premature infants are possible but may damage other important constituents. Changes in practice cannot be recommended until further studies have defined the risk-benefit ratio of such strategies.
